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PREFACE.

Oji perusing the existing doctrine up

on the subject ©f Optics, as regards re

fraction of dense media, and vision, hav

ing been struck with some inconsisten

cies* in the explanations of those pheno

mena, with the results of experiments I

had previously made in their elucidation,

I have presumed to submit my ideas to

the world in the following pages, in the

hope of drawing the attention of the

scientific world to the misconceptions

and errors which have crept into it.

The figures given in illustration of the

phenomenon of vision, and which are
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borne out by the accompanying explana

tions, make it appear as if the images o^

objects are (delivered by points of concen

tration of different pencils of rays of light

upon the retina, and allow no refractive*

power to the cornea, and little or none to

the chrystalJine humour, notwithstanding

their surface^ have very considerable con-
*

vexities. *
,

» ^

I am, therefore, in hopes 1 sljall be

able to «hew that the convexities of the

cornea and chrystalline liumour, are very

essential agents in the production of vi

sion, and, although produced by the prin

ciple of the Camera Obscura, as is justly

supposed, that its operation is entirely

different from that which lias hitherto been

ascribed to it.

Having bad neither time ii"i ypportu



vii.

nity to make experiments in the Camera

©bscura, I am aware that some minor in*

accuracies may be found in the following

work ; but as the disadvantages attendant

upon a residence, which affords but few

opportunities of scientific investigation,

may continue to operate, J have preferred,

father than allow, the principles therein

developed to lie dormant, to throw my

self upon the liberal criticism of the

public.

Kingston, Jamaica, }

July 3d, 1824, $
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INTRODUCTION.

.....«<»■.. ...

JOEING desirous to furnish the reader with a.

comprehensive view of those branches of the

science of Optics of which I propose to treat

in the following pages, I shall begin with a

brief history of the early discoveries which have

been«made in, and opinions entertained and ad

vanced to the world upon them.
*"

The first treatise of any note written on

the subject of Optics was by the celebrated

Astronomer Claudius Ptolomceus.wholived about

the middle of the second century. The trea

tise is lost, but, from the accounts of others,"

we find that he treated of astronomical refrac

tions.
"

Though nfiaction in general has been Ob.

* Enfyciopoedu Britannica,

A
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served very early, it is possible that it might

not have occurred to any philosopher much be

fore his time, that the tight of the sun, moon,

and stars must undergo a similar refraction, in

consequence of falling obliquely upon the gross

atmosphere that surrounds the earth, and that

they must, by that means, be turned out of

their rectilinear course, so as to cause the lumi

naries to appear brighter in the Heavens than

they would otherwise do. The first astrono

mers were not aware that the intervals between

stars appear less near
the horizon than near the

meridian; and, on this account, they have been

much embarrassed in their observations.

*• This philosopher also advances a very sen

sible hypothesis to account for the remarkably

greater apparent size of the sun and moon when

6een near the horizon. The mind, he says,

judges of the size of objects by means of a pre

conceived idea of their distance from us; and

this distance is fancied to be greater when a

number of objects are interposed between the

eye and the body we are viewing; which is the

case when we see the heavenly bodies near the

horizon. In his almagest, however, he ascribes

this appearance to a refraction of the rays by

vapours, which actually enlarge the angle under

which the luminaries appear ; just as the angle
is enlarged by which an object is seen from under

water.

«
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" In the writings of Roger Bacon, whose ge
nius, perhaps, equalled that of his great name

sake Lord Virulam, we find the first distinct

account of the magnifying power of glasses ;

and it is not improbable that what he wrote

upon this subject gave rise to that most useful

invention of spectacles. For he says, that, if

an object be applied close to the base of the

larger segment of a sphere of glass, it will ap

pear magnified. lie also treats of the appear

ance of an object through a globe, and says that

he was the first who observed the refraction of

rays in it.

•• In 1270, Vitellio, a native of Poland, pub
lished a treatise of Optics, containing all that

was valuable in Alhazen, and digested in a much

more intelligible and methodical manner. He

observes, that light is always lost by refraction,

in consequence of which the objects seen by re

fracted light always appear less luminous; but

he does not pretend to estimate the quantity of

this loss. He reduced into a table the result of

his experiments on the refractive powers of air,

water, and glass, corresponding to different

angles of incidence. In his account of the

horizontal moon, he agrees exactly with Alha

zen : Observing that in the horizon she seems

to touch the eaith, and appears much mors dis

tant from us than in the zeuith,* on account of

* This is a manifest error, for all objects as they appear

larger appear ah* nearer.

A 2
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the intermediate space containing a greater va

riety of objects upon the visible surface of'the

earth. He ascribes the twinkling of the stars

to the motion of the air in which the light is

refracted ; and to illustrate this hypothesis, he

observes that they twinkle still more when re

ceived in water put in motion. He also shews

that refraction is necessary as well as reflection

to form the rainbow, because the body which

the rays fall upon
is a transparent substance,

at

the surface of which one part of the light is

always reflected and another refracted. But he

seems to consider refraction as serving only to

condense the light, and thereby enabling it to

make' a stronger impression upon the eye. This

writer also makes some ingenious attempts to

explain refraction, or to ascertain the law of it.

He also considers the foci of glass spheres, and

the apparent size of objects seen through them,

though upon these subjects he is not at all

exact. It is sufficient, indeed, to shew the state

of knowledge, or rather ignorance, at that time,
to

observe that both Vitellio and his master Alhazen

endeavour to account for objects appearing larger
when they are seen under water, by the circular

figure of its surface, since, beingfluid, it conforms
to thejigure of the earth.
" From this time to that of the revival of

learning in Europe, we have no farther treatise

on the subject of refractions, or indeed on any

other part of optics. One of the first who dis-
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tinguished himself in this way was Mauralycua,
teacher of Mathematics at Messina. In a trea

tise de lumine et. umbra, 'published 1575, he de

monstrates that the chrystalline humour of the

eye is a lens that collects the rays of light,

issuing from objects, and throws them upon the

retina, where is the focus of each pencil. From

this principle he discovered why some people
were short sighted, and others long-sighted, and

why the former are relieved by concave, and

the other by convex, glasses.
" About the same time that Maurolycus made

such advances towards the discovery of the

nature of visions, Joannes Baptiste Porta of

Naples discovered the Camera Obscura, which

throws still more light on the same subject. His

house was constantly resoi ted to by all the in

genious persons at Naples, whom he formed

into what he called
' An Academy of Secrets/

each member being obliged to contribute some

thing that was not generally known, and might
be useful. By this means he was furnished

with materials for his
'

Magia Naturalis' which

contains the account of the Camera Obscura,

the first edition of which was published, as he

informs us, when h# was not quite 15 years

old. He also gave the first hint of the Magic

Lantern, which Kircher afterwards followed and

improved. His experiments with the Camera ,

Obscura convinced him that vision is performed

by the intromission of something into the eye,

a 3
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and not bf visual rays proceeding from the

eye, as had been formerly imagined ; and he

was the first who* folly satisfied himself and

others on the subject. Indeed the resemblance

between experiments with the Camera Obscura,

and the manner in which vision is performed in

the eye, was too striking to escape the ob

servation of a less ingenious person. But when

he says that the eye is a Camera Obscura, and

the pupil the hole in the window-sbutter, he

was so far mistaken as to suppose that it was

the chrystalline humour that corresponds to the

wall which receives the images ;* nor was it

discovered till the year 1604 that this office is

performed by the retina. I'e makes a variety
of just observatious concerning vision ; and par

ticularly explains several cases in which we ima

gine things to be without the eye, when the ap

pearances are occasioned by some affection of

the eye itself, or some motion within the eye.
He observes also, that, in certain circum

stances, vision will be assisted by convex or

concave glasses ; and he seems also to have
made some small advances towards the discovery
of Telescopes. He takes notice that a round
and flat surface plunged into water will appear
hollow as well as magnified to an eye perpendicu-

• He was so far right as shall be shewn, when I come
to that part of my subject ; for the first representation does
take place upon the front surface of the chrystalline hu
mour.
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larly over it; and he very well "explains, by »

figure, the manner in which it is done."

I shall now explain'that branch of the science

of optics, a knowledge of which I conceive is

necessary to the full comprehension of my sub

jects ; this branch is

REFLECTION OF LIGHT.

* " It is evident that, in order to thedue and

regular reflection of light, that is, that the re

flected rays should not be dispersed and scat

tered one from anothei, there ought to be no

rasures or unevenness in the reflecting surface

large enough to bear a sensible proportion to

the magnitude of a ray of light ; because, if

the surface abounds with such, the reflected

rays will rather be scattered like a parcel of

pebbles thrown upon a rough pavement, than

reflected with that regularity with which light is

observed to be from a well polished surface.

" Now those surfaces which, to our senses,

appear smooth and well polished, are far from

being so, for to polish is no other than to grind
off the larger eminences and protuberances of

the metal with the rough and sharp particles of

sand, emery, or putty, which must, of neces

sity, leave behind them an infinity of rasures

and scratches, which, though inconsiderable

with regard to the former roughness, and too

* Encyclopedia Britannica.
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minute to be discerned by us, must, neverthe

less, bear a large proportion to, if not vastly
exceed, the magnitude of the particles of light.
"

Every visible body emits or reflects incon

ceivably small particles of matter from each

point of its surface, which issue from it conti

nually (not unlike sparks from a coal) in straight
lines and in all directions. These particles en

tering the eye, and striking upon the retina (a
nerve expanded on the back part of- the eye to

receive these impulses) excite in our minds the

idea of light, and, as they differ in substance,

density, velocity, or magnitude, they produce in

us the ideas of different colours.
"
That these particles proceed from every

point of the surface of a visible body, and in

all directions, is clear from hence, viz. because,
wherever a spectator is placed with regard to

the body, every point of that part of the sur

face which is turned towards him, is visible to

him. That they proceed from the body in

right lines, we are assured, because just so

many and no more will be intercepted in their

passage to aey place, by an interposed object, as
that object ought to intercept supposing them to

come in such lines : In whatever direction, there
fore, a person may be situated there will be

points .
in the surfaces of objects which will

iteflect the rays of light upon the cornea, and

the reason glass is less perceptible to virion
than other substane*. would seem to be, that
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its surface being so smooth is leas calculated to

reflect than tratfismit the light, unless it forms

an angle with the incident rays ; this transmis

sion of light accounts for objects, which ate co

veredwith glass, suchasprints, appearing brighter

although the glass is not perceivable."
It will, therefore, be evident, that, as rays of

light are reciprocally reflected from each sur

rounding object upon another, rays must im

pinge upon all objects, situated upon our earth

in every direction, and it must, consequently, be

equally evident, that as the equally innumerable

inequalities in the surfaces of objects must pro
duce as innumerable planes of larger dimensions

than the minute rays of light impinging upon

them, rays of light must be reflected from the

surfaces of objects, in every direction, andmake

them visible in whatever situation the spectator

may be situated irt front of those surfaces.

" When a ray of light falls upon any body.
however transparent, the whole of it never passes

through the body, but some part is always re

flected or driven back from it ; and it is by this

reflected light that all bodies which have no

light of their own, become visible to us.

" The fundamental law of reflection of light
is that, in all cases the angle of reflection is

equal to the angle of incidence, this is found by

experiment to be the case. The axiom, there

fore, holds good in every case of reflection,

whether it be from plane surfaces or spherical
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ones, «nd that whether they are convex or con

cave ; and hence the seven following proposi

tions relating to th» reflection of light from

plane and spherical surf&ces may
be deduced.

" I. Rays of light reflected from a plane

surface have the same degree of inclination to

one another that their respective incident ones

have. For the angle of reflection of each ray

being equal to that of its incident one, it is

evident that each reflected ray will have the

Bnme degree of inclination to that portion of the

surface fiom whence it is reflected that its inci

dent one has, hut it is here supposed, that all

those portions of surface, from whence the rays

are reflected, are situated in the same plane,

consequently the reflected rays will have the

same degree of inclination to each other that

their incident ones have, from whatever part
of the surface they are reflected.
" II. Parallel rays reflected from a concave

surface are rendered converging. To illustrate

this, let AF, CD, EB (fig. 1) represent three

parallel rays falling upon the concave surface

FB, v* hose centre is C. To the points F and B

draw the lines CF, CB ; these being drawn

from the centre will be perpendicular to the

surface at those points. The incident ray Ct>,
nlno passing through the centre will be perpen
dicular to the suiface, and therefore will return,

after reflection, in the same line ; but the ob

lique rays AF, EB, will be reflected into the
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lines FM, BM, situated on the contrary fide of

their respective perpendiculars CF, CB; they
will, therefore, proceed converging, after reflec

tion, towards some poiqt as M in the line CD.

" III. Converging rays, falling on the same

surface, are made to converge more. For, (every

thing remaining in the figure as above explain
ed) let GF, HB, be the incident rays. Now,

because thet$ rays have larger angles of inci

dence than the parallel ones AF and EB in the

foregoing case, their angles of reflection will

also be larger than those of the others, they will,

therefore, converge, after reflection, suppose in

the lines FN, BN, having their points of con

course N farther from the point C than M, that

to which the parallel rays AF and EB converged
to in the foregoing case, and their precise de

gree of convergency will be greater than that

wherein they converged.
" IV. Diverging rays, falling upon the same

surface, are, after reflection, parallel, diverging,
or converging. If they diverge from the focus

of parallel rays, they then become parallel, if

from a point nearer to the surface than that,

they will diverge, but in a less degree than be

fore reflection ; if from a point between that and

the -centre, they will converge after reflection,

and that to some point on the contrary side of

the centre, but situated farther from it than

the point from which they diverged. If the in

cident rays diverge from a point beyond the
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centre^ the reflected ones will converge to one

on the other side of it, but nearer to it than the

point they diverged from; and if they diverge
from the centre, they will be reflected thither

again.
"
1. Leti them diverge in the lines MF, MB

proceeding from M, the focus, of parallel rays ;

then, as the -parallel rays AF and EB, were re

flected into the lines FM and BM (by- Prop. II.)
these rays will now, on the contrary, be re

flected into them.
"

2. Let them diverge from N, a point nearer
to the surface than the focus of parallel rays,

they will then be reflected into the diverging
lines FG and B'H, which the incident rays GF

and HJ3 described that were shewn to be reflect

ed into them in the foregoing proposition ; but

the degree wherein they diverge will be less

than that wherein they diverge before reflec

tion.

"

3. Let them proceed diverging from X, a

point between the focus of parallel rays and the

centre ; they then make less angles of incidence

than the rays MF and MB, which became pa
rallel by reflection ; they will, consequently,
have less angles of reflection, and proceed,
therefore, converging towards some point as Y ;

which point will always fall on the contrary side
of the centre, because a reflected ray always
falls ox* the contrary side of the perpendicular
with ie«geett0 that on which its incident one



*3

falls; and, of consequence, it will be "farther

distant from the centre than X.
'*

4. If the incident ones diverge ifrom Y,

they will, after reflection, converge to X ; those

which were the incident rays in the former

case being reflected ones in this. 'And lastly
"5. If the incident rays proceed from the

centre, they fall in with their respective perpen
diculars; and, for that reason, are reflected thi

ther again.
" V. Parallel cays reflected from a convex

surface are rendered diverging. For, let AB,

GD, EF, (fig. 2.) be three parallel rays, falling
upon the convex surface BF, whose centretof

convenity is C, and, let one of them, w. GD,

be perpendicular to the surface. Through J3,

D, and F, the points of reflection, draw the

lines CV, CG, and CT ; which, because they
pass through the centre, will be perpendicular
to the surface at these points. The incident

ray GD, being perpendicular to the; surface, will

return, after reflection, in the same line, but the

oblique ones AB and EF in the lines BK and

FL, situated on the contrary side of their re

spective perpendiculars BV and FT. They will,
therefore, diverge after reflection, as from some

point M in the line GD produced ; and' this

point will be in the middle between J) and C.

" VI. Diverging rays reflected from the like

surface are rendered more diverging. For, (every

thing remaining in the figure as above), let
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GB, GF, be the incident rays. These having

larger angles of incidence than the parallel ones

AB and EF in the preceding case, their angles
of reflection will also be larger than theirs :

They will, therefore, diverge after reflection,

suppose in the lines BP and FQ, as from some

point N, farther from C than the point M ; and

the degree wherein they will diverge, will be

greater than that wherein they diverged before

reflection.

?' VII. Converging rays reflected from the

like surface, are parallel, converging, or diverg

ing. If they tend towards the focus «f parallel

rays, they then become parallel, if to a point
nearer the surface than that, they converge, but

in a less degree than before reflection ; if to a

point between that and the centre they will di

verge after reflection, as from some point on the

contrary side of the centre, but situated farther

from it than the point they converged to. If

the incident rays converge to a point beyond
the centre, the reflected ones will diverge as

from one on the contrary side of it; but nearer

to it than the point to which the incident ones

converged; and, if the incident rays converge

towards the centre, the reflected ones will pro
ceed as from thence.
" 1. Let them converge in the lines KB, and

LF, tending towards M, the focus of parallel

rays ; then as the parallel lays AB EF, were

reflected into the lines BK and FL (by Prop. V.)
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those rays will now, on the contrary, be reflect

ed into them.
"

2. Let them converge in the lines PB, QF,

tending towards N, a point nearer the sui face

than the focus of parallel rays, they will then be

reflected into the converging lines BG and FG,
in which the rays GB GF proceeded, that were
shewn to be reflected into them by the last pro

position : but the degree wherein they will con

verge will be less than that wherein they con

verged before reflection.
"

3. Let them converge in the lines RB and

SF, proceeding towards X, a point between the

focus of parallel rays and the centre, their angles
of incidence will, therefore, be less ; on which

account they must necessarily diverge, suppose
in the lines BH and FI from some point, as Yj
which point (by Prop. IV.) will fall on the con

trary side of the centre with reaped to X, and
will be farther from it than that.
" 4. If the incident rays tend towards Y, the

reflected ones will diuerge as from X ; those

which were the incident ones in one case bein""
o

the reflected ones in the other.
'*

5. Lastly, if the incident rays converge to

wards the centre, they fall in with their respec
tive perpendiculars; on which account they
proceed after reflection as from the centre."

I shall now give the existing doctrine on the

mbject of refraction, which branch I propose
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treating of, so as lo enable the reader to judge
for himself.
" The phenomena oi ^fraction are explained

by an attractive .power in the medium through
which Jia^ht ^passes in the following manner :

All Ibodies being endowed with an attractive

force, which is extended to some distance be

yond their auBraoes; iwhen a^ray of light passes
out of ararer into adensermedium (if this latter
has a greater attractive force thari the former as

is commonly the case) the ray, just before its

entranoe, will begin to be attracted 'towards the

denser medium ; and this attraction will conti

nue to act upon it till some time after it has en

tered the medium ; and, therefore, if a,ray ap

proaches a denser medium in a direction per-

pendicularto its surface, its velocity will be con

tinually accelerated during its passage through
the space, in whioh that attraction exerts itself;
and, therefore, after it has passed that space, it

will move on till it arrives at the opposite side

of the medium with a greater degree of velocity
than it had before it entered ; so that in this case

its velocity only witt.be altered ; whereas if a ray
enters a denser medium obliquely, it will not

only have its velocity augmented thereby, but
its direction will become less oblique to the sur-

;

face, just as when a. stone is thrown dowr*#ards

obliquely from a precipice, it falls to the surface

of the ground ind direction nearer to a perpen
dicular 6ne„than that with which it,was thrown
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from the haftd. 'From hence we bee k ray of

light, in passing out of a rarer into a denserme

dium, is refracted towards the perpendicular;
that is, supposing a line drawn perpendicularly
to the surface of the medium through the point
where the ray enters, and extended both ways,

the ray in passing through the surface is refract-'

ed or bent towards the perpendicular line ; or

which is the same thing, the lint it describes by
its motion, after it has passed through the sur

face, makes a less angle with the perpendicular,,
than the line it described before. *AH which

may be illustrated in the following manner :
"

Let us suppose first, that the ray passes out

of a vacuum into a denser medinm—A, B, C, D,

(fig. 3.) and that the attractive force of each

particle in the medium is extended from its re

spective centre to a distance equal to that which

is between the lines AB, EF, or AB, GH j and

let KL be the path described by a ray of light
in its progress towards the denser medium.—

This lay, when it arrives at L, will enter the at

tractive forces of those particles which He in

AB, the surface of the denser medium, andwill,

therefoie, cease to proceed any longtT in the

fight line KLM, but will be diverted from itfc

courseJjv being attracted towards the lin* AB,

and win begin to describe the bourse LN, pass

ing thrbtigh the feiirfac* AB in thesamfe new di

rection as 0'Q ; thereby ma&ifcg a tes*, atigte
ftiih a line as PR, "drawn per$*hdrcula?ry"lhTough



18

the p6int N, than it w^ulAbaye done had it pro

ceeded in its first direction JtLM. ,

"

Farther : Whereas* we. have supposed the

attractive force of each particle to be extended

through a space equal to the distance between

AB and EF, it is evident that the ray, after it

has entered the. surface, will *tilj be attracted
downwards till it. has arrived at the line EF;

for, till that time, there will not be too many

particles aboye it, which will attract it upwards
as below that will attract it downwards. So

that, after it ha« entered the surface at N, in the

direction OQ* it will not preceed in that direc

tion, but will continue to describe a curve, as

NS ; after which it will proceed straight on to

wards the opposite side of the medium, being
attracted equally every way ; and therefore will

at last proceed in the direction XST, still nearer

the perpendicular PB, than before.
"

Now, if we suppose ABZY not to be a va

cuum, but a rarer medium than the other, the

case will still be the same ; but the ray will not

be so much refracted from its rectilinear course,

because the attraction of the particles of the

upper medium being in a contrary direction to

that of the attraction of those in the lower one,

the attraction of the denser medium will, in

some measure, be destroyed by that of the rarer.
" On the qontrary, when a ray passes out of a

denser into a rarev medium, if its direction be

perpendicular to the surface of the medium, it
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will only lose somewhat of its velocity, in pass

ing through the spaces of attraction of thai me

dium (that is the space wherein it is attracted

more one way than it ia another). If its direc

tion be oblique, it will continually recede from

the perpendicular during its passage, and by
that means have its obliquity increased, just as a

stone thrown up obliquely from the surface of

the earth, increases its obliquity all the time; it

rises. Thus supposing the ray TS passing out

of the denser medium A, B, C, D, into the rarer

ABZY, when it arrives at S it will begin to be

attracted downwards, and so Will describe the

curve SNL and then proceed in the right line

LK ; making a larger angle with the perpendi
cular PR than the line TSX in which it pro

ceeded during its passage through the other

medium."

The foregoing doctrine is further exempli
fied, as follows :

"

A ray of light AB, falling obliquely on a

plane eurface, will go out of the glass in the

same direction, but not in the same straight
line, for, in touching the glass it will be refract

ed in the line BC, and in leaving the glass it

will be refracted in the line CD.*

• To avoid prolixity I have to observe here, that a ray as

KL (fig. 4.) impinging upon a convex surface, in the same

angle as AB, will pass through the medium in the direction

LM, but if upon a plane surface, it will continue in the

tame direction through the medium.

a 2 ._.,
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'I Further : An ^bjejlt placed within a oif-

diiuft, terminated by sjlfllaue surface on, that side

which is next the eye", if the medium be denser

than that in which the eye (as we shall always

•uppeseto b"e, unless where the contrary is ex-

pressed;) appears, nearer the sturface of the me-

Ilium than it is.* ThusfJ if As(fig. 6.) beta, point
of an object,placed within the medjiwa BCDB,

«l4 Ah, Ac, be two rays proceeding from

theim}(|ijthese rays passing out of a denser into a

rarer medium will be refracted from their re.

ipective perpendiculars b d, c e, and will enter

the eye at H, suppose in the direction b, f, c, g.
Let then these lines be produced back till they
meet in F ; Ctlis will be the apparent place of

the point A, and because the refracted rays

b, f, c, g, will diverge more than the incident

ones A b, A c, it will be nearer to the points b

and e than the point A ; and as the same is true

of each point in the object, the whole will ap

pear to an eye at H nearer the surface BC than

it is.*
" From hence it is, that when one end of a

straight stick is put under water, and the stick

is held in an oblique position, it appears bent at
the surface of the water, viz. because each point
that is under water appears nearer the surface,
and consequently higher than it is.

* I hate te'obierve, that if the surface of the medium had

bo convexity the ray would proceed to the eye in the line
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" From hence likewise it is that an object at
the bottom of a vessel may be seen, whert the

vessel is filled with wjter, though it be ••

placed, with respect to the eye, that it cannot

be seen when the vessel is empty.
" Te explain this—let ABCD (fig. 6;) repre

sent a vessel, and let E be an object lying at the

bottom of it. This object, when the vessel if

empty will not be seen by an eye at F, because

HB, the upper part of the vessel, will obstruct

the ray EH ; but when it is tilled with water to

the height GH, the ray EK being refracted at

the surface of the water into the line KF, the

eye at F shall see the object by meant of

that."

b3
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A NEW THEORY

or

REFRACTION.

XT was my original intention to have confined

myself to the subject of vision, but, on making
some experiments of the refractions of water

and glass, so as to be able to give some intro

ductory explanation of those phenomena, having
detected some errors in the existing doctrine

upon that subject, it became indispensable to

explain them before I could attain the object I

had in view.
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It is asserted in the existing doctrine that a

ray of light,
*

"just before its entrance,
will be

gin to be attracted towards the denser medium,

and this attraction will continue to act upon it

till some time after it has entered the medium,

and, therefore, if a ray approaches a denser me

dium in a direction perpendicular to its surface,

its velocity will be continually accelerated dur

ing its passage through the sp^e in which that

attraction exerts itself; and, therefore, after it

has passed that space, it will move on, till it ar

rives at the opposite jide of the medium with a

greater degree of velocity than it had before it

entered. So that in this case its velocity only
will be altered.'*

This, although I do not admit, I do not mean

to combat here, is not the only effect produced,
for the most superficial observation will prove

that the ray is not only shortened but magni
fied ; thisJ shallftlluRtrate by «, similar figure as

that given in the existing doctrine, differing
only where the experiment, if made, will sUew

that the facts differ.

LetABCD (fig. 7.) be the- dense medium as

water, and let PR be the ray entering it perpen
dicularly, it w*ll, immediately on enterino- the

sexfaoe, appear shortened andmagnified as P r ;

the bottom of the vessel will also appear raised

towards the surface *s c, d.

It is likewise asserted, that a ray of flight
*
Encyclopedia Britannica,
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which fi' enters adenser medium obliquely ?«iil
not only have its velocity augmented thereby,
hut its direction will become less oblique to the

surface, just as when a stone is thrdwn dewt-

Wards from a precipice, it falls to the surface of

the ground in a direction nearer tp a perpendi
cular one, thqt is, supposing a line drawn per

pendicularly to the surface of the rqedjum,

tbrppgh the point where the ray enters and ex

tended both ways, the ray in passing through

the surface is refracted or bent towards the per

pendicular line ; or, which is the same thing,

the line which it describes, by its motion, aftpr
it has pasted through the surface, make* a less

angle with the perpendicular, than the line it

described before."

Now, instead of its making a less angle with

the perpendicular, it will be found that it makes

a larger angle with it. To illustrate this, let

JtN (fig. 7.) be a ray of light Afetftew obliquely
towards the surface of the dense rnedium; the

ray, immediately on entering the surface, instead
nf being bent down, will be bent up in a new

direction, as if it was broke at the surface, and

form a larger angle with the perpendicular PR,

&nd a less ^ngle with the surface than before it

©ot/ered ; Jt will also appear both shortened and-

magnified as NT. *

A^s no ex.periments can be made, in this way, f

w^h f$yj ©f ^ght, otherwise than by means of*

* Encyclopaedia Britaooica.
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material substances, (the remilts of which, at

light is materi-il, is completely apnlic&ble) I

shall instance the effect produced Uporj*^pWce
of straight stick when inserted into water: •-

If a piece of straight stick be inserted into

water, in the direction KN, it will assume the

same proportionate appearance in the water as

NT to KN ; and, if a piece be inserted fly the

bottom of the water perpendicularly,' it will*as-
Btime the same proportionate appearance^ as N r

to PN ; and the bottom of the vessel C^. where
the stick touches, will appear raised'with it

as c d.
*

ft is therefore evident that, as the point* of
the stick which is inserted in the water is mag

nified, and thrown up towards the surface, the

different points in it, and rays reflected from

them, are also magnified, and thrown up nearer

the surface.

From hence it is, that an object at the bottom
of a vessel may be seen when the vessel is fill

ed with water, though it be so placed with re

spect to the eye that it cannot be seen when the

vessel is empty, and not agreeable to, the exist

ing doctrine laid down in the Introduction as

-^hall be shewn. In short, it is self-eviderft. that
if the rays of light were attracted down towards

the perpendicular, after the water is podred in,
that the image^of the object would be^depressed,
and still farther from a right line, over 'the.edge
of the vessel.to the qye. ■

* >
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To illustrate this, let A (fig. 8.) represent a

vessel; B the object on the bottom of it, at the

edge farthest from the eye; D the rays which

would proceed from the object to the eye^ ifthe

vessel wsa empty, but which cannot reach the

eye in consequence of the intervention of the

aide of the vessel ; F the water. As the water

is poured in, the bottom of the vessel and the

object will appear to rise into sight over the

edge of the vessel, until the whole of the object
comes into view, whence emanate the rays E,

which convey the representation of the object
over the edge of the vessel to the eye.

It will, no doubt, be immediately seen, that

the above explanation and annexed figure re

present the fact, and that fig. 4 and its explana
tion do not, and consequently cannot, lead to a

reasonable solution of the cause ; the object, at

the same time that it appears raised nearer the

eye, appears also triflingly magnified;
Now, instead of looking at the object over

the edge of the vessel through the surface of the

water, let it be viewed through the side of the

vessel, in an angle lower than the surface of the

water, and it will be found to be magnified four

fold its natural size ; this effect seems to be

produced in the direction of the convexity ot

the vessel ; it is to be understood that the ob

ject, in this experiment, is at the farthest side

of the bottom of the vessel ; it is also to be ob

served that the size of the object alters agree-
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■ble to the distance it may be at from the near

convex surface of ibe vessel which produces the

effect ; that is, if it is placed near; it, thejiiie to

much diminished, although still magnified, and
as it is moved farther off from it, the size in

creases in a corresponding ratio, untilit is moved
to the farthest extremity of the bottom^ the

vessel, when the appearance is prodaced which.

has been already explained. ?*"''

It will likewise be found, that the bottom of

the vessel and the object will be thrown tfofward

nearer the eye, towards the side of the vessel it

is viewed through.
In illustration, let A (fig. 9.) represent a glass;

vessel or tumbler; C the' farthest part of'the

bottom of the vessel and the object, as they are

Reen before the water is poured in ; D the farthest
part of the bottom of the vessel and the object
as they are really seen in consequence of re

fraction after the water has been ppured in.

Let an experiment be made with a tumbler or

other glass vessel, whose sides are completely
flat, making its form a perfect square, and it will
be found that the object will not fie magnified
in the smallest degree, nor the appearance of its
real situation on the bottom of the vessel alter

ed, if the bottom and sides of the vessel be truly
flat. *

^

*J'

in illustration, let A (fig. 10.) be the vealeJ,
and B the object; the latter represents^ ap-



29

pear'encte of the object which will be produced

by the experiment, that is, it will
nave the same

appearance as it
had before the water was pour-

ed in.

I have not been able to make an experiment

by a 'o-k>bular vessel, therefore cannot state the

ejfecte actually produced by it, but I have riu

limitation in saying, that I have no doubt that

effects will be produced corresponding to its

convexity in all directions, and that those effect*

will magnify the appearance of the object iu

eveiy direction, and bring it apparently nearer

the «ye.

It will, however, be found, that the object
will hive the same appearance in all the forego

ing differently formed vessels, (as is exemplified
in fio\ 8.) when viewed through the surface of

the water.

If, therefore, the foregoing various experi
ments seem to indicate that the influencing
causes are the greater, less, or no convexity of

the vessels in which the experiments may be

made, and which. I think cannot, for a moment,

be doubted, is it not leasouable to conclode that

the effects produced upon the appearance of an

object when immersed in, and viewed through
i

J * '

i
■

>

'

i
•

•
• - •

water, is caused by a tuning convexity of its

surface? I am the more inclined to think so, as

thV effect is compfetelv analagous to that pro

duced by convex $uif*c*s; thU is proved "by
4.
^

•



30

the effects produced upon the object on being
moved, progressively, from the side or the ves

sel next the eye, until it touches the fajlhest

parr of the bottom as explained p. 27-28, which

are in strict conformity with those produced by

moving a convex lens, nearer or farther from an

object which is viewed through it.
The foregoing effects may, I conceive* be

ensily accounted for, by ascribing them to the

well known effects produced upon the appear

ances of objects by the angles under which they
are viewed.

In order to simplify this, therefore, as much

as I. can, I shall instance the effects produced,
to the naked eye, upon the appearances of an

i bjpct at differeut distances, and, at the same

limp, endeavour to explain the cause of those

effects.

Let AB(fig. 11.) be an object at different dis
tances from the eye as 1,2;, 3,; let a a, b b,
c c, be rays proceeding from them respectively
to the eye ; it is evident that the rays proceed
to and enter the eye at very different angles ac

cording to the distance at which it is from the

eye ; the angle of those from 1, being, greatest
and of those from 3, the least ; consequently
the object appears in size in exact proportion to

* those angles, and also at proportionate dis

tances; 1 appearing largest and nearest, and 3

farthest oft' and smallest.

Let us look at an object with a convex lens
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in such, a fanner
that we can nee it double, that

is, lei" one eve look through the lens and the

ofhe?\aked%t an object, when one of the

images will appear larger and nearer than the

other ; (in proportion to the convexity of the

lens) then close the eye which looks through

the lens, and it will be found that the nearest

magnified image will disappear ; this, therefore,

proves that objects seen through transparent

dense media, with convex surfaces, are brought

apparently nearer, and are magnified.

Having endeavoured to establish the proba

bility that the refraction of the rays of light re

flected from an object immersed in water, is oc

casioned by the convex surface of the water,

and not by any innate refractive quality in the

water itself, as a dense medium, 1 shall now en

deavour to explain the cause which I conceive

produces this convexity.
The principle which produces this effect, is,

I conceive the same which, at its first creation

formed, and has ever since retained, this terra

queous globe of a spherical form.

This principle, the existence of which I have

endeavoured to prove in my Theory of Physical

Astronomy (to which 1 refer the reader for a full

and, I hope, comprehensive and satisfactory ex

planation) I cenceive to be the circumambient

dense atmosphere constantly rushing in upon

the surface of our globe to recover the equili

brium, which has been disturbed by the heat
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which has prevailed near its .iurfacfe ever sifacfc

tf$ creation.

The only Philosopher, eitnei ancient or mo

dern,' who ever hinted that the magnifying qua

lity oif water was owihg to its surface being of a

dircular figure, conformable to the figure of the

earth, wasVitellio, but as he gave no reason, that

was considered satisfactory, why he thought So,
his idea was exploded, as only shewing the ig
norance of that period (see Introduction, page

4.) agd s^lAtands condemned, although de

serving a neuer fate,

I am of the same opinion with that most in

genious man, although I am not indebted to

him for it, as I was not aware of his doctrine

when I formed it: this assertion will be believ

ed whtu my work upon Physical Astronomy
shall hav^een read, when it will be found evi

dently consequential.
It is fnis agency, which I Rave just explain

ed, which keeps the ocean, a* Well as the earth*
of this\lobe of a spherical (drm^ which make*

all portions of water assurile surfaces $f- corre

sponding convexities witn that of tfce earths
I conceive it is this agency whiih makes the

Surfaces of all fused bodies, such as glass, and
all the metals, assume a like convexity, although
^cognizable only in glass, in consequence of it's

transparency ; and I conceive the various de-

jgreeS of refraction observable in glass differently
ctrapotirfadfWiittti'Qtes* mkdfe at 'difTefeht'
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times although composed of the same propor

tions of the same ingredients, may be occasion

ed by the greater or less degree of heat with

which they may have been made, and the dif

ferent capacities, the different compoui.ds'may
have possessed for retaining that heat, con»

sequently preserving them a longer OT shorter

peiiod in a state susceptible of the action of

the dense atmosphere; water, however, whilst it

remains fluid, is only subject to have thifc #flS:ct

produced upon it in an equal degree,
I am, therefore, of opiniora> tftft 1&s Wects

produced upon the appearances of objects im

mersed in water ar^ not the consequences of any

refractive quality in water, but of the convexity
of its surface.

In order, however, to make myself better un

derstood, I shall explain how this effect is pro

duced.

In my Theory of Physical Astronorrr^, before

alluded to, I have endeavoured to prove that

the light directed from the sun to the faith is

refracted in a cone, and that, if its course had

not beet* intercepted by the earth, it would have

completed it* apex, and formed one of those ir

radiations, which we call stars.

This, therefore, makes the radius of the rays
of light directed from the sun to the earth

equal to the distance of the stars from the. sun;

their angle of convergency must, therefore, be

ter^ trifling indeed ; it is, u^ fact, f* trifling,
c
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that it is not observable in the shadow of the

largest object on our earth, as no sensible dif

ference can be detected betwixt the breadth of

A 'shadow at its extremity and at the object.—

The cone in which our globe is situated, I con

ceive, is not of greater diameter than the earth,

and the caloric or heat is confined within that

space, and near its surface ; therefore, the exte

rior dense atmosphere, in constantly rushing in

to recover the equilibrium, constitutes the agency
I have already explained.

The surface of this terraqueous globe being,
by the agency already explained, rendered much

more convex than the surface of the sun which

refracts the cone of rays of light directed to it,

all water upon its surface, having the same con

vex surface, refracts the rays of light from the

less convergency from the sun to the greater
■

"

convergency of the radius of thee earth's con*

vexity. >t

Let A (fig. 12.) be the earth ; c, c, the same

object immersed in the water, and out of it ; a, a,
the rays which proceed from the object perpen
dicularly to the cornea; EE the rays whicjj pro- •>;

ceed from the object immersed in the water, in>*

the angle of the convexity of the earth ; F, F,

rays which proceed again from them perpendi
cularly to the cornea of the eye.

It will, therefore, be evident, that the ray*
"t

FF, proceeding to the eye in a wider angle than
a a, will magnify the object, and make it

appear
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nearer, agreeable to the well known law in this

case already explained.
The same cause magnifies the appearance of

the sun, moon, and stars when they first appear
in our horizon, and as they are descending be

low it.

Let A (fig. 13.) be the sun or moon ; B the

earth ; C the earth's atmosphere ; D the eye

upon the surface of the earth ; EE the rays in

the angle of convergency from the sun ; F the

same rays refracted to the earth's centre ; it is

therefore evident, that the rays, after refraction,

proceed to the eye in a wider angle than before

they entered the earth's atmosphere, and conse

quently produce the magnified and nearer ap

pearance of the sun, moon, &c. ; this effect,
however, gradually ceases with the cause, for

this magnified appearance gradually lessens as

the sun or mpoft ascends towards the zenith ;

may not this be occasioned by the influence of

their heat in gradually dissipating that degree
of density capable of producing refraction?*

* Is not this idea countenanced by the effects produced.
bvthe reflected light of the moon, which eren dissipates the

**•
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THE REFRACTION OF GLASS.

Having given my ideas respecting the refrac

tion of water and the earth's atmosphere, I shall

now proceed to treat of the refraction
of glass.

By corollary 5 to proposition 1, in the British

Encyclopaedia, it is advanced as follows:

"
i- er.ue if the semi-diameters of the surfaces

of the glass be equal, its focal distance
is,equal

to one of them ; aud is equal to the focal dis

tance of a plano-convex lens or plano-concave

glass, whose semi-diameter is as short again."

Let, therefore, C (fig. 14.) be the double con

vex lens, the semi-diameters of whose surfaces

are equal as D ; let E be a plano-convex lens,

whose semi-diameter is as short again as F ;

their focal distances will be equal as D.*

In order to put the foregoing to the proof* I

took the jjpnvexity of a plano-convex lens with

wax, and struck the circle, of which its con

vexity formed a segment, and found that its

focal distance was equal to the diameter of its

circle ; I likewise found that the focal distance

of a double convex lens, the semi-diameter of

whose surfaces were equal, was equal to the

» It will be observable here that, for the sake of distinc-
'

tion, I have called the focus the distance at which the rays,
after divergency from the radiant point, deliver the image :•£

objects*
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B-rni diameter of one of its surfaces; which are

the same results as the foregoing figure ex

plains.
This beino- the case, what becomes of the

supposed innate refractive quality of glass, as

independent of the convexity of its surface?

The fact seems to be, that it does not alter the

radius from that of the convexity of its surface ;

may not, therefore, a very reasonable doubt be

entertained whether such an innate quality ex

ists in glass?
The fact appears to be, that refractions are

occasioned by the convexities of surfaces only ;

and that where the convexity has not, artifi

cially, been made greater than the natural sur

faces produced by the action of the atmosphere,
.the convexity of the surface of a small quantity
of water (being that of the earth) or glass,

which, in so small a surface, is so trifling as not

*tp appear, has not been suspected, and that the

effect thereby produced has, consequently, been

asciibed to an innate refractive quality in the

different transparent dense media.

It is necessary to observe, that the atmos

phere of the earth becomes a dense medium in

consequence of the absence of the rarifying"

principle, called caloric, or heat; this absence

is occasioned by the descent, of the sun in the

evening, his rarifying influence having then

■ceased to operate upon our horizon ; this being
the case, the atmosphere of the earth becomes

c3
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condensed, so as to constitute a dense medium,

capable of conveying the rays of light in the

angle of the convexity of its surface, having its

radius in the centre of the earth ; this convexity
ifi produced by the influence of the same prin

ciple which keeps our globe of a spherical
form.

This doctrine, although not admitted as ac

counting for the refraction of water and other

dense media, is supposed to cause that of the

atmosphere, which is explained in the Encyclo
paedia Britannica as follows :
"

In like manner an object situated in the

horizon appeap above its true place, upon ac

count of the refraction of the rays which pro
ceed from it,- in their passage through the at

mosphere of the earth. For, first, if the object
be situated beyond the limits of the atmotfphese,
its rays, in entering it, will be refracted towards

the perpendicular, that h, towards a line drawn
from thej>bject, where they enter to the centre

of the eaTOi, which is the centre of the atmos

phere; and as they pass ott they will be conti
nually refracted in the same way, because they
are all along entering a denserpart, the centre of
which' eonvevity is still* the same point ; upon
which accodrttfthe line Hiey describe will be a

curve bending downwards, -and therefore none of?

the ray*s that dome from that object can eftter

an eye upon the surface of the earth, except
vvhat enter the atmosphere higher than they
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need to do, if they could come in a. right line

from the object, consequently the object must

nppear above
its proper place. Secondly, if the

object be placed within the atmosphere, the

case is still the same, for the rays which flow

from it must continually enter a denser medium,

whose centre is below the eye, and therefore,

being refracted towards the centre, that is,

downwards, as before, those which enter the eye

must necessarily proceed as from some point

above the object; wherefore the object will ap

pear above
its proper place.

" From hence it is that the sun, moon, and

stars, appear above the horizon When they are

just below it; and higher than they ought to

do when they are above it; 'likewise distant

hills, trees, &c. seem to be higher than the^
are."

The sun, moon, trees, &c. do not appear

=■ alone higher when the* atmosphere is dense, but

they appear equally magnified in- every direc

tion, under the refractive
influence *W the con

vex surface of that atmosphere; the very same

effeot is produced upon them,
which is produced

upon objects viewed through convex glasses;

the real body of the sun, moon, &c. are exactly*

in the centre of their magnified representations.
*» The error seem3 evidently to have arisen out

ef the error already pointed out (fig. 7.)
which I

presume to
think must have arisen from the fol*

lowing causes :
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First. From its not having been discovered

that refraction was produced by the convexity
of the surface of the medium, which, when once

produced at the surface, does not alter in de

gree, whilst the convexity of the surface re

mains the same.

Secondly. From having made an error in the

figure explanatory of the doctrine, which is that

of having made the oblique ray enter at the

same place as the perpendicular does; for let

the oblique ray enter on either side of the per

pendicular, and the explanation becomes cor

rect, viz.
"
From hence we see a ray of light in

prvssing out of a rarer into a denser medium is

refracted towards the perpendicular;" but not in
the manner explained, for, instead of its forming
a less angle with the perpendicular, it forms a

larger one (see fig. 7.) wherein the oblique rajj
a, b, c represents the effect.

It becomes, therefore, a natural consequencl
that, were tta sun, moon, Ice. to remain 'Statical

ary any timfe'upon our horizon, their1 influpftco

would expand the atmosphere until its' density
ceased, and the effect of that density with ft.
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VISION. -«

For my grounds of reasoning is my endea

vours to explain my Theory of Vision, and de

duce my conclusions as to the causes that pro.

duce that sense, I shall adopt the explanation

of the structure of the eye given by Mrs. Bryan,

as, being as much divested of technical phraseo

logy as the subject can possibly admit, best. suit

ed to the comprehension of the general reader.
" The eye is placed in a bony cavity, called

the orbit, its form is globular ^wUhjn^this globe
are contained three different kinds of humours,

inclosed in several distinct sort? of teguments

or coats, in which blood vessels, nerves, and ar«

terjes are curiously interwoven.

** I shall first treat of the external advantages

§ttendant on the mechanism cf the eye, and its

concomitant appendages.

f
" The inside of the orbit, whicrfcontains the

eve, is lined with a lubricating and membrane

ous substance, which affords the eye a soft bed

to perform its movements in, without injury to

its delicate substance. Those arcnes of hair,

called eye-brows and eye-lids, are not less use

ful than beautiful, for they defend the eyes

from too strong a light, and prevent dust,* or

ether small substances, from falling into them,

by being provided with muscles for the purpose
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of projecting ©r drawing them down, so as to

defend tht eye from a glare of light, and from

incumbent particles' of dust.
" The eye-lids afford also a perfect and se

cure asylum for the eye when we sleep, or have

occasion to guard against internal injury, when

v/e are awake, and unfearing external annoy

ance, the eye-lids, by their motion, diffuse a

fluid over the eye, which keeps it constantly
moist and clear, by which alone it could answer

the purposes of vision.
"

The eye-lids join at their two extremities,

and, that they may shut with greater exactness,

and not fall into wrinkles when they are elevat

ed, each edge is stiffened with a cartilaginous
arch, which is bordered with hair ; by the latter

the contour of the eye-lids is softened, the eye

protected from straggling motes, and |he light
moderated in its approach to the retina. The

eye-lids also assist in these desirable effects, by
excluding a superabundant quantity of light.
" The upper part of the orbit of the eye haa

a eland placed in it, whjch constantly furnishes

sufficient moisture for keeping the part af (the

eye exposed#to the air in a proper state of lubri

city and pellucidity, and, that this purpose jpaay
be fully answered, without our attention to it,

we shut the eye-lids or wink our eyes, without

the concurrence of our will or reason.

" The corner of the eye, next the nose, in

provided with a caruncle, for the purpose of
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keeping that corner of the eye from being per

fectly closed, that any tears, &c may flow un

der the eye-lids, when we sleep, into two little

holes, one of which is in each eye-lid near the

corner, for carrying off any superfluous moisture.
"

The eye is furnished with six muscles,

which spread their tendons far over the eye, in

order to effect a motion in every direction, ex

cepting an oblique one towards the nose, which

rs aided by a particular auxiliary, the side of the

eye next the nose not allowing room for a

muscle, a small bone is placed on the side of

the nose, with a hole in it, which serves as a

pulley for the tendon of a muscle to pass through,
by which an oblique direction of the eye is ob

tained.

" The eyes have a parallel or uniform motion,

rnwjnch they always coincide, this is extraor

dinary to human reason, as the organs of the

eyes are totally distinct,* having no communi-

* This appears to common reason to be a mistake, for the

l tiniform motion of the eyes is evidently strictly mechanism,.
as may easily be proved, by shutting one eye, and placing the
hand upon it, so that the motion of it can be felt, and then

looking with the open eye in every direction, when an invo-

luntaiy aud indeed evident coercive corresponding motion

will be felt in the closed eye ; may not this corresponding
notion of the eyes be affected by means of a ligament con

necting them from the inner side of the one to the other, or
in some other manner, and which being cut, and, having con

sequently collapsed t& each eye, not have been detected ? In-

further proof, let any person squint artificially, and he wilt

feel considerable pain produced by it, which I conceive would
not be the case was the unison of the action of the eyes not

a mechanical effect.



44

cation with each other, and yet they appear ac

tuated by the same force or mechanism.
"

The purpose supposed to be effected by this

unison of action and direction, is that of seeing

things single which are viewed double.*
" I shall give you Sir Isaac Newton's sup

position respecting our seeing things single
which are painted double, that is, the two

images of the object painted on the retina, one

in each eye, appearing but as one to the ima

gination.
" ' The species of objects seen with both

eyes, may unite where the optic nerves meet be

fore they come into the btain, the fibres of both

neives uniting there, and, after unison, going
thence into the brain, in the nerve which is on

the right side of the head, and the fibres on the

l(-ft side of both nerves uniting in the sauna

place, and, after union, going into the brain in

* This no doubt occasions the double representations of
objects on the retinas of the two eyes to reflect upon one

representation on the sensorium, without which there woald
be a confusion of two representations from the different

foci of the eyes, which would occasion indistinct vision : Is

not this exemplified in the ease of a person who squints,
who, to obtain a correct view of objects, is obliged te turn
his hea:l on one side so as to view them with one e)e. there*

by to obtain a Single and correct view of them.

Does not. therefore, the circumstance of a person's squint
ing being the effect of an early habit, in consequence of being
held whilst a child too near objects, and thereby obliged to

look at them within the axis of the eyes, suggest the idea

that it is occasioned by the contraction of one or more liga-
pjents and the extension of others ?
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the nerve which is on the left side of the head,

and these two nerves meeting in the brain in

such a manner that their fibres make but one

species or picture, half of which is on the right
side of the sensorium and comes from the ri^ht

Bide of both eyes through the right side of both

optic nerves to the place where the nerves meet,

and from thence to the right side of the head

into the brain; and the other half on the left

side comes in the like manner from the left side

of both eyes.
" ' The optic nerves of all animals which look

the same way, as men, horses, dogs, &c. meet

before they come into the brain, but the optic
nerves of such animals as do not look the same

way with both eyes, as fishes,* do not meet be

fore they go into the brain.'
''

■

** This conjecture appears reasonable, and may
therefore be admitted ; but the effect must, after

all, be referred to the mind, as well as what

causes that involuntary motion which produces
tbje effect, or that motion which causes the image
to be seen at all, for although, undoubtedly vi

sion, or the appearance^ of objects, is occasion

ed by the pictures on the retina, yet the eye can

see no part of itself. It is the mind that ner-

ceives and judges, the eye is only the medium,

• An idea strikes me here, that the reason why the eyes

of fishes are flatter than those of all other animals, may be to

counteract the refraction of water, already explained, which
would otherwise make objects appear larger than they are.
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or instrument, by which the idea is conveyed to

the mind ; and for the operations of the mind

upon the body, or the body upon the mind, we

ate unable to account.

"

Considering the eye merely as an instru

ment, we need not inquire why, when the pic
tures of objects are painted in it, in a reverse

posture, our imagination perceives them upright,
to solve which Anatomists have been unable,

nor can they ever afford us a rational solution of

a circumstance independent of the organization
of the human body.* All our senses are aided

by the mechanism of the organs created for their

use, but their impressions are referable only to

the spirit, the understanding, and, therefore, only
definable by human comprehension.
"

Having treated of the principal external

parts of the eye, and the advantages procured
by their nice adjustment, I shall venture to speak
of its internal parts, which will be less digres
sive, as all the instruments used to aid astrono

mical investigation, have been constructed upon
the principle of refraction, reflection, 8cc. effect
ed by the various humours and coats of the eye, ^
and therefore they will be better understood*

from a description of this grand original find itq
affections.

* This reasoning I can by no means subscribe to, for, if

every one who has contributed to the advancement of the

sciences, had been thus satisfied, we should not have acquired
our present knowledge, although, possibly, still far nhort of
What it may be.

;
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" The globe of the eye consists of several coats

containing three pellucid humours, which are so

adjusted, that the rays proceeding from luminous

objects, and admitted at the forepart of the eye,
called the pupil, arc brought to a focus on the

back part of it.
" The outer coat, or sclerotica, (fig. 15. a.)

is a hard substance, of a whitish colour, resem

bling parchment, the hinder part of which is

very thick and is opaque, from whence itbecomes

gradually thinner as it approaches the part in

the front of the eye, where the white terminates j

the other part of this tegument is thin and tran

sparent and projects a little, forming a segment
of a smaller sphere.
" This part is called the cornea (b.) from its

transparency ; this quality of it is necessary for

the admission of the light ; this membrane is

composed of several layers, and replenished with

clear water and pellucid vessels.
" The second coat of the eye, or the cho-

roides, (c.) is soft and tender, is composed of

innumerable little vessels, and it adheres to the

sclerotica ; it is outwardly of a brown colour,
and inwardly almost black ; this tegument, like
the sclerotica, is distinguished by two names,

the forepart being called the uvea, and the hind-

part the choroides.

■*The forepart, or uvea d.d.-comraences where
the aornea begins, i. e. at the edge of that dark

part of the eye called the iris. It is attached to
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the sclerotica by a narrow circular rim, from

which purt the choroides divides from the scle

rotica, which part, from where it turns inwards,

to the hole in its centre, called the pupil, is

called the iris, which is composed of the daik

co!ourof the choroides called the uvea, combin

ed with ihe reflections of the light, occasioned

by the puckering of the membrane on turning
inwards.

" The pupil of the eye, e, has no determinate

siae, but depends on the action of the mem

brane which forms it, which either expands
or contracts it, so as to accommodate the or

gan of sight to the strongest or weakest im

pressions of the particles of light, as thus,

when the light is too intense, the pupil is con

tracted, to prevent the admission of too great a

quantity of light, which would injure, the . sjght,
but when the light is weaker, the ^uipif is en

larged, and thereby a greater quantity of the

rays of light fall upon tlje retina, in order to

render it, in both cases, duly active. The whole

of the choroides is opaque, theiefofe, no light
can enter the eye but what passes through the

pupil.*
" The third and last membrane of the eye ia

called the retina, because it is sprea.d like a net

* The, uvea goes .across the eye in a straight direction,
Bnd by preventing any light from penetrating, unless through
the hole in its centre, called the pupil,Jbfm#. {be. camera ob
scura of the eye.

'
-

«
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bier the back of the eye. It is a continuation

of the optic nerve, and lines the inside of the

choroides, and the concave side of it cavers the

surface of the vetreous humour, terminating

where the choroides turns inwards, so that it

Contains the vetreous humour. On this mem

brane, within side the eye, that is, on its con

cave surface, aie painted the image of objects.
'< The coats contain the humours of the eye,

one humour forms a solid substance, another is

solt, and the other is perfectly liquid ; the hu

mours are of such forms and transparency, as

are best adapted for transmitting the rays of

light, and placing them in positions favourable

to distinct vision. They are all clear like pure

water, possessing no essential colouring par

ticles, therefore the colours exhibited by them

must be derived from the impressions of the

different paeticles of light.
" The most fluid of these humours is called

aqueous, it fills the interstice between the cor

nea and the pupil, and also the space between

the latter and the chrystalline humour; it3 form

is plano-convex, its quantity is so abundant that

it swells out the fore part of the eye into the

segment of a small sphere, it is not known from

whence this humour is supplied, yet its source

is so unfailing that, if the coat, which contains

it, be wounded, so that the humour all flows

out, if tfeceye is kept closed a proper time for

the wbund to heal, the fluid will be recruited.
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" The second humour is culled the chrystal-
line, (f) it i* as transparent as the aqueous but

less in quantity, and more dense, of the consist

ence of still' jelly, its form is doubly convex,_but
the two parts ::>re of different convexities, the

most convex p;ut is received into an equal con

cavity in t!i a vitreous humour.
"

The chrystalline is contained in a kind of

case, the fore part of which is thick and elastic,

the hind part thin and soft; this case is sus

pended in its place by a muscle, which, toge
ther with the chrystalline, divides the globe of

the eye into two unequal portions, the smaller

and foremost containing the aqueous humour,

the larger and posterior the vitreous.

.

"

The chvyntalline humour has no visible

communicate >:! with its case, for when it is

opened the ; ■

aour slips out.
"

The v:'..:vous (G) is the third and last hu

mour of . the eye, and appears like glass* it is

neither so dense as the chrystalline, nor so li

quid as t! n onuenus ; it fills the greatest part.
of the globe of the eye, filling all the space be

tween the sclerotica, from the insertion of the

optic nerve to the chrystalline lens.
"

The optic nerve passes out of the seat of the

brain through a small hole in the bottom of the

orbit of the eye, it enters the orbit of a form

nearly globular, but compressed, and is inserted

into the globe of the eye nearly in the middle,

though not quite so, but rather higher <> .id.

nearerto the nose."
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EXISTING DOCTRINE OX VISION

Tht: ideas of all modern Anatomists and Op
ticians, have hitherto been, that the rays of light
are reflected from thetlifFerent points in the ob

ject in cones, or pencils, having their apexes in

the points from whence they are reflected, upon
the chrystalline hamour, or lens, and that they
are again converged by the chrystalline humour

. in different other cones, to apexes or foci, to the

retina, upon which they ate supposed to deliver

the image of. the object reversed in every patt.
In illustration of this doctrine, the follow

ing explanation is given :

* " As every point of an object as A, B, C,

(fig. 16.) sends out rays in all directions, some

rays from every point on the side next the eye

will fall upon the cornea between E and F, and

by passing on through the humours and pupil
?f the eye, they will be converged to as raanv

points in the retina, or bottom of the eye, and

will thereon for.m a distinct inverted picture-
c, b, a, of the object.. Thus the pencil of rays
q, r, s, that flows from the point A, of the ob

ject, will be converged to the point a on the re

tina; those from the point B, will be converged
to the point b ; those from the point € will be

*•

Encyclopedia Britannia.
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converged to the point c ; and so of all the in

termediate points ; by which means the whole

image a, b, c, is formed, and the object made
visible."

It is universally acknowledged' that the Al

mighty has created nothing in vain;, therefore

the cornea must have been created convex, and

of greater convexity than any other part of the-

eye to produce some effect in the phenomenon
of vision ; this is incontrovertibly proved by
what takes place, when by age, or injury, its

convexity has been lessened, which is, that near

vision becomes indistinct, and can only be made

distinct by the use of convex glasses, which,

widening the angle of the rays of light before

they touch upon the cornea, enables its remain

ing convexity to converge them to the central

point as between the cornea and the chrystalline
humour; no effect, however, has been ascribed

to if. '■

Irt the figure, which is borne out by the fore

going explanation, it is evident that it is neces

sary to make the pupil much larger than, tinder

♦rdinary circumstances, it t»«ver found. .

Jfhe effect likewis.e represented to be pro-

t
dnced by the chrystaihnehiimour, is- completely
at variance with the well-known effects of con

vex lenses (for the chrystalline humour is neither

more »or less than a double convex lens in the

eye, which, there is as little doubt, produces the

§ame effects), for, instead of converging the ray*.
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,-of light in pne cone, from the inverted image of

the object delivered upon the front side of the

chrystalline humour, to the conjoint radius {wt

focus) of its convexities (whence they diverge

again at the same angle and to an equal dis

tance to the retina, where they deliver the image
of the object upright) it is made to take up the

rays from where they are delivered upon it, and

carry them in as many pencils o,r cones to the

retina, as there are points in the object.
It is admitted that confused vision is pro

duced by squinting, and that consequently, *

person so afflicted, is frequently compelled to

look at objects with one eye only, so as to have

a correct view of them ; this, no doubt, is the

,case, and is occasioned by rays being carried

from different points in the objects to one and

*he same point in the sensorium ; each eye hav

ing at the same time, a correct image of the ob

ject upon its retina, but differing in situation.

If this, therefore, is the case, is it not reason
able to conclude that a like confusion would be

produced if the rays entered the eye, from an

object, in the manner represented, for rays front
AB and C are made to touch the chrystalline
humour in the very same points ? »

Further, if the rays proceeded from such an

object as ABC, which, it is evident, from its

site, is not calculated, according to our»t«peri-
ence, to prevent our seeing other, objects which

might be befofe in, entered the pupil in t.Hsj

» 3
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diameter oft he pupil, what confusion would not

take place, upon the rays from
those other ob

jects entering the eye, and which,, our expe

rience teaches us v.e could, ut the san.e Uuif
,

see ?

1 am therefore of opinion, that the rays en

tering the eye,' from diii'ernu. objects, differently
situated before it, enter it as distinct and un

mixed with each other, as the objects them

selves are.

I shall now endeavour to investigate the.

cause that could have led to the error of sup

posing the images of objects to be delivered ut

the foci of pencils of ravs light.
It is stated in the Ilev. Dr. Blair's Grammar

of Natural a:'.d Experimental Philosophy, as fol

lows :

" 161. If parallel rays fall u'pop a plano-conrex
lens, they will be so refracted jus to unite

in a point behirid, called the principal focus,
or focus of parallel rays.

*■* Exam.: Thus the parallel rays a a b b, (fig.

o7.) filling upon the lens c d, are refracted

^
towards the perpendicular C x, unci unite in a*

focus ('.

** 162. The distance from the middle of the

glass to the f'ociiv, is called the focal dis- >

tance*; %hich focal distance in a plano-con
vex lens is equal to the diameter of the sphere
„• which ''the Ifn.-i is a portion (fig. 37.) and.
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equal to the radius of a sphere of' fvhich the

convexity of the lens is a portion fffg. 41.)
" 163. All the parallel rays of thehsun which

pass through a convex lens as DR, or c a, are

collected in its focus f orC, and the force oft,

the heat at the focus is to the common heat ..

of the sun, as the area of the glass i.s to the

area of the focus.
"

Illust. : If a lens four inches in diameter

collect the sun's rays into a focus at the dis

tance of twelve inches, the image tvill not be

more than one-tenth of an inch in diameter; the

surface of this little circle is 1600 times le^s

than the surface of the lens, and conse

quently the heat will be 1600 times greater at

the focus than at the lens.
" In illustration 4, of 164, it is advanced

'

Where

the rays meet, they will form an inverted image
ofthejfame of the candle.'

"

From thft foregoing extracts, and figures in

illustration, it is evidently considered that the

images of objects are delivered at and by the

foci of glasses. I presume to think, however,
that this is incorrect; and shall endeavour to

explain why I think s*o. *

Take a plano-convex lens into a dark "'room

into which the reflected light is admitted bf a
door or windo\v, and let the inverted image of
an object opposite, on the outside, fife produced

upon a piece of paper held behind the lens- —ard
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let another person measure the distance between

the lens find the paper; then present the lens to

the direct rays of light from the sun, and refract.

them to their focus— i. e. to fcheir'point of con

centration, and then measure the distance be

tween the lens and the paper ; it will then be

found that the distances between the lens and

paper will, in both cases, be the same.

Then take the same lens and refract the di-

rect light from the sun into a Camera Obscura

upon a door, or any other object calculated to

receive it, in order to obtain an inverted image
of it; then measure the distance between the

Ip:,s, (which should be placed in the hole of the

Camera Obscura) and the image of the sun, and

you will find that that image is not at the focal

distance of the direct light, but at twice that

distance. «*•

To illustrate this, let a, a, bb (fig. 17.) be

rays from the sun refracted by*th<e piano-convex
lens e d ; their focus will be at C, at^tlle distance

of the diameter of the circleVof which the con

vexity of the lens forms a portion ; but the*tmage
of the sun will not be delivered there, but at e, at

an equal distance, on the opposite side, from the

focus, as the lens is from it,whefe*hei%ysdiverge
- to, after having crossed at the focus, 'and where

only they will deliver a distinct image ; this

image will be a great deal larger than the tenth

of an inch, the size supposed to be delivered at
*

\ |he focus.
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It naturally follows, if the distinct ima^e of
the sun can only be produced in this wav, that

the images ,of other objects, produced in a Ca

mera Obseurulry #ie refraction of reflected light
by the same lens, must be produced in a similar

manner. But if the irnages of objects are pror

duced in a dark room (not a Camera Obscura),
into which light is admitted at a door or win

dow, upon paper, by a convex lens, they are

not produced, I presume to think, in the same

way as above explained, but by rays of .light
proceeding, from the inverted images of ob

jects upon the front side of the lens, through
the lens, in the same manner as represented

respecting concave glasses, diverging as from the

focus of its convexity before it, and, after passing
put of the lens, continuing to diverge in the same

angle to the focal distance behind it, where

they deliver the images inverted, and much mag
nified ; I have been led to this idea, in conse

quence of finding the images of objects, thus

produced, so much larger than the lens, and

that they diminish in size in that exact progres
sive njanner, as the lens is brought nearer the

paper.

To illuttrate this, let AB (fig. 18.) be an ob

ject; C the lens with the inverted image upon
its front surface ; E rays diverging as if they hid
crossed at the focal distance of the lens before it,
and proceeding, through the lens, to thefocal dis
tance behind it, where they deliver a beautiful in-
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veiteu image .of the object upon a piece of pa

per, but'greatlymagnified, as D. In this experi
ment, .may.it not be reasonably conceived that,

to produce this inverted image, the rays from

the object must cross before they arrive at the

lens; and, may it not bz equally reasonable to

conceive, that those rays cross at the focal dis

tance, as that is the only distance at which dis

tinct images of objects are produced by lenses?
I am in hopes this may be conceded, when the

inverted image on the front of, and the effect

produced behind the lens, are duly considered.
It would appear, therefore, that, in the Camera

Obscura, the images of objects are not delivered
ut the foci of glasses, but at twice the focal dis

tance, and not by points of concentrations of

pencils of light, but by the divergent rays, ufter

having crossed at their foci; it would likewise

appear that the images of objects produced in a

dark room (not a Camera Obscura) are produced
at the focal distance from the lens, by the rays

diverging as from the focal distance before the

lens, to the focal distance behind it.

May it not, therefore, be reasonably inferred,
* that the error of supposing that the inverse

images of objects, refracted by convex glasses,
are produced at and by the foci of as many pen

cils of rays of light, as there are points in the

object, has taken its rise from the misconcep
tions above explained.? viz~.

1st. From the idea that images of object's are
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produced a! and by the foci of various pencil*
of rays of Ji^ht refracted by one and the same

lens ■, probably1 arising from 'the circumstance

oi the distance at which' they are produced,

being the same.

2dly. Froai the consequent coachision that, as

the images^ supposed to 'be produced there.

are not of greater diameter than the tenth of

an inch, it must require as many foci of pen

cils of rays of light as there are points in the

objects, to produce such extended images as

are produced by lenses.

I shall now proceed to the explanation of my

Theory, which I establish upon

THE ANALOGY OF THE CAMERA OBSCURA.

It has justly been considered ever since the

time of Maurolycus, that vision is produced by
the same principle which produces the Camera

Obscura ; of this, the least doubt cannot, for a

moment, exist, although the manner in which it

is effected has not hitherto been suspected ; this,

therefore, I shall now endeavour to explain.
Lit A (fig. 10.) be a room, darkened so as to ad

mit light onlv at one hole,' let the space between

the lines b b, be the hole, low enough that the ex-
*

periments can be made with ease opposite to it in*

side the room ; then let a person hold a piece cf

white paper opposite 'the hole^ and near it, and

withdraw it gradually;-until he sees the objects
oh the outside of. the rboM represented upon it,

which will be the case as at B, and very btauti-
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fully, but reversed in eveiy p.ut, i. e. if a houfp,

the roof will be down, and the ground. &c. »p,
what is really on the light hand will be repre

sented on the left, and, vice versa, in every tlv

most minute parts.
Now the cause of thU seems to be, that, of

the rays which are reflected from objects in every

direction, those only which, enter the hole per

pendicular to its outer surface, d,id it constitute

tha segment of a circle, (by proceeding to the

centre of its convexity, inside the room, and af

ter crossing there,* diverging again at the same

angle in which they converged, until they ar

rive at the focus of its convexity,) convey the

image to, and deliver it upon, the paper ; the

consequence of this, it is evident, must be, that

the objects are represented inverted in every

part.

Having long known, in consequence of hav

ing made experiments on the effcets produced

by the Camera Obscura, that a convex lens,

used instead of the paper, (ks in the fore

going illustration) to receive the inverted

image at the first focus, produces the image
of the objects upon the paper, held behind

* I have some idea that the rays, instead of crossing at
the radius of the convexity of the lens, as above explained,

^«y cross at the focal distance ; but, as I have neither had

time nor opportunity to make experiments, so as to ascer

tain the fact, I am inclined to leave this to »om« future pe-

*;od, rather than delay publishing the principle which seems

fcorre out in so many ways.
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it, upright,* I immediately aw, oh becom

ing acquainted with the internal structure of

the eye, that it was nothing more or ieaa

than a Camera Obscura, and that vision Was

produced in exactly the same manner as the

above experiment points out.

To illustrate this, instead of the paper, let a

plano-convex lens be held at B (^tlg. 19.) to re

ceive the inverted image at the first focus, and

let another person hold a paper behind the lena,

and withdraw it back until the image of the ob

jects appear upon it, and it will be found that

every part will be seen in its proper place and

upright as they appear to the eye, as atC.

I shall now apply the foregoing principle of

the Camera Obscura to the eye. Therefore, let

AB (fig. 20.) be the object presented to the eye ;

CD the rays of light proceeding from the object
in every direction; E those rays which proceed
to the cornea perpendicularly to its convexitv,

and cenvey the image of the object ; G the cen

tre of convexity of the cornea ; H the chrystal

line humour (or double convex lens of the e\e>

upon which the rays diverge from the centre' of

convexity of the cornea : I, the conjugate centre
of the double convexity of the chrystalline hu

mour, in the centre of the vitreous humour,
where the rays are converged by its double con

vexity, and whence they diverge upon the re

* I frequently msde these experiments, for amusemant„
when s.bnuv 17 yearb of age.



tina, in exacilv the s.tme angle in which th v

were converged ; K the image of the object up

right upon the retina, at an equal distance from
'

the conjugate focus, as that of -the lens from it,

with all its parts in their natural situations as

they are seen by the eye.

Although the anabvgy beiuixt the Camera

Obscura and the eye is thus made evident, the

\ following, explanation of their phenomena will

•

•

render it still more conclusive if possible.
It will be found, on making experiments with

the Camera Ob.scum, that, when a cloud ob

scures the light of the sun, the images of ob

jects, which were before bright and beautiful,

become scarcely discernible : now, it is well

known that, when a person goes out of a bright
glare of lijrht, into moremoderate licjht, he loses,

or has a very imperfect sight of the objects he

before saw distinctly ; this, therefore, is the very

same effect produced on vision, as that above

mentioned on the Camera Obscura, and by the

very same cause, i. e. the want of .sufficient light
to produce the effect ; the only differences that

seem to exist are, that the muscularity ot the

•. uvea enables it to expand the p«pil so as to ad

mit a sufficiency of light to produce the effect,

which cannot take place in the hole, of the

Camera Obscura (which represents the pupil)

through which the light enters, and that there

.«►« no plano-convex "i-.ns before the hole 'o
p>o-
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duce the eaect of the cornea and iti aqueous

humour.

A similar effect is produced on vision when a

person, goes out -of a moderate, into a glare of

light, i. e. he loses, or has but a very imperfect

sight of the objects before him, which he saw

very distinctly before ; the cause of this is, that

the pupil, having expanded in the moderate

light so as to admit a sufficiency of light into
the inner chamber of the eye to produce vision,

admits too much light in the glare, which, illu

minating the inner chamber of the eye, destroys,
the Camera Obscura.

This l'->ss or imperfection of vision, however,

produced by the above causes, is but of very

short duration, for the uvea very soon expands
the pupil, in the first case, the stimulus of the

glare of light having decreased, and, in the se

cond case, as soon contracts it, so as to accom-

'modate it to the production of vision. I have

no doubt, therefore, should the hole of a Camera

Obscura be constructed in such a manner as to

admit of contraction and expansion, and a plano
convex chrystalline lens placed before it, to pro
duce the effects of the cornea and its humour,
the very same effects could be pr6duced up
on it.

I am led to conclude, that the rays of light
which convey the images of objects to the Ca-

- mera Obscura, are those whicb are perpendicu
lar' to the convexity oi tfie hpje^ *s a segment of
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h circle, for this reason, that the limits of the

objects visible are exactly where, a right lice

proceeding from the radius, past the edge of the

hole, would touch ; I am likewise of opinion,
that the rays, which produce vision, are those

which proceed from the objects to the corned

perpendicular to its convexity.
1st. Because it is evident we see almost all ob

jects within the arc of the segment of the cornea,

in their exact relative proportions and situations ,

even so close to the edge of the cornea do the rays
of lightenter, that it afmostappearsasif they were

parallel to the uvea, through the centre of which,
at the pupil, they enter into the inner chamber

of the eye ; thi3, therefore, could not be the

case, unless the rays enter the eye perpendicu
lar to the convexity of the cornea ; in fact, was

there no other evidence to invalidate the idea

that the aqueous humour has an innate refrac

tive quality, independent of the convexity of

its surface, this^would give rise to the idea that

it did not, at all events, operate in the produc
tion of vision, for it is evident, as the rays enter

all round the arc of the cornea, conveying the

images of the objects whence they are reflected,

that there cannot be any room left to admit of

their direction being changed.*

* This teems to suggest that the cornea must nearly con-

siitute a semicircle, and that its radius must be very nearly,

urfoflaactly, in life centre of the pupil : In fact, it seems

%there is only one evidence more to be brought forward to ren

der this Theory reasonable, which ii, that if the rays #H.rj5it
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2dly. If thf rays did iu.t enter t'h-o cornen

perpendicular to its convexity, and was not that

convexity accessary to the pioduction of vision,

why do we lose perfect vision of near objrcta
when that convexity has become lessened from'

age, or great exertion of the organ, and why is

this defect remedied by convex glasses? The

fact seems not to be doubted, therefore, that the

convexity of the cornea forms the pr'imarv agent
in the production of vision, and that the rave

which produce vision enter the eye perpendicu
lar to that convexity, for the eye, whose cornea

is very prominent, has indistinct vision of dis

tant, as that which has become less convex, has

indistinct vision of near, objects ; the too pro
minent eye converges the rays, which are per

pendicular to its convexity, to a radius nearer

the cornea than the chiystalline humour, conse

quently the focus of that convexity is not at

such a distance as the chrystalline humour, at
least for distant objects ; the lessened convexity
converges the rays, which are perpendicular to
its then convexity, to the radius of that con

vexity, which is nearer the chrystalline humour
than the cornea, therefore, the focus is farther

did not cross nearly in the pupil, how could we possibly have
sncft Mi extensive are of vision when we afe exposed id a

glare 6f light whett the pupil of the eye is trot larger than
the bead ftf b small pin, and how tould ttrat are fce equally
extensive Gh«t, as when we are in a moderate Hgbt, ank u>f

papil etifcecftKfntty much dilated?
w



off-than* the front, side of the ohivhtullim; hu^

mour for ncir objects, .consequently indistinct

vision. arhes ; the reason why conv> \ spectacle*).
in the last, and coiic?.\e in the forme*, case ie-

niedy the defects is, because the former widen

the angle of i)>i: rays, and thelatsc; make it nar

rower, which enable the convexities of the cor-;

neas to converge the cones of rays to radii tqui-
distant .between their respeeiive corneas and

cbrysta! 1 i n e h nmou is.

This concurrence is a v. ondei iel provision of'

the Almighty wisdom, which prevents. any great
exertion of the cornea to converge the rays of

light; the effect of the contrary is well known

to those whose near visum has failed from causea

alieady mentioned; for, as all glasses, which

remedy the defect, enlarge the angle of the rays.

the exertion of the cornea to complete the con

centration produces a. stiffness, and sometimes

pairij. if not inflammation, ""from the long conti

nued; use of them at one time.

Was I not convinced, by the figures illustra
tive of his doctrine, a* well, as his. siletjce as,t0
this theory of vision, which, if he had been aware

s>f, being a-new principle, most certainly would

* Pp sjje very day I wrote the. above, having had occasion

to see a young lad who was labouring under an inflammation
in ss*ve,of his eyes, I was informed that; it had been produced
by the use .of .a high, magnifying glass, used by watchmaker*,
(which business he was learningi)

• He has recovered from the

effecflsfbut has been compelled to .desist from persevering in

that business. •
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not have escaped such an ingenious aiuHearned

man, i, should, almost have conceived Dr. Chas.

Bell had been aware -of it, from the following

passage
on the subject. in his Anatomy:

"

ac

cordingly when the coats are cut from the back,

the picture of a luminous object,
held before the

pupil, is seen exquisitely, minute, and distinct

on the bottom of the eye ;" but his plates repie-

sent the object upon the retina inverted, at 4be

same time that the other parts of the figure do

not differ, in scarcely any respect, from the pre

sent received doctrine upon the subject already

quoted.
It is the received doctrine that, when the

coats are cut from the back of the eye, the

image of an object, before it,
is delivered upon a

.piece of white paper, placed
over the orifice, in

verted, by the agency of the Camera Obscura of

the eye.

I am decidedly of opinion, however, that, if

the image does appear upon the paper inverted,

it is not produced by the Camera Obscura,
and

I conclude so from this circumstance, that, it

the coats are taken off from the back of the eye.

•the transparency thereby produced woujd admit

the light into the inner chamber of the eye, and

destroy the Camera Obscura as affectin| the re

tina, and obliterate the image of the ob^ct

which existed there before ; and even that this

must be the case if a piece of white paper is

placed upon the orifice, so that the image of the

is 2
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efcjeot -may be delivered upon it, for the same

light, admitted ■by the paper, «tnd which enable*

a person to -see the image of the object, so deli

vered upon it, would prevent the effect of the

Camera Obscura.

I -am, therefore, of opinion, that the inverted

HOdge of the object, seen upon the paper, was

nothing more than the reflection of the inverted

Image of it produced, upon the front aide of the

■vhVystalline humour, by the Camera Obscura,

ih* light admitted at the back not having de

stroyed the Camera Obscura in the forepart of
the inner chamber of the eye.

Although I have been all along satisfied of

^he correctness of this theory, by which, I con-

rcei^e, vision is produced, yet I have lost no -op-

'jror,tunity of obtaining information on the sub

let. I have, there lore, consulted several emi

nent Physicians and Surgeons, who have in

formed me that the chrystalline humour is fre

quently cut out of the eye. in order to give vi-

;sion, and that in some cases vision is as perf&tty
restored as before it was injured Or lost, dftd ifi

others only imperfectly.
Dr. Bland, Surgeon of his Majesty's ship Py.-*

rateus, has irffdrmed me, that a person who wae

Janitor of the College^ Glasgow, where he stu-*

died", h*d had the chrystalli«e humours cut out
cf both eyes, for the purpose of giving him vi

sion, aftd that he could, afterwards, (at the pe
riod he \pas there) see as perfectly as before he

lost his sight.
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These cases, had I not been satisfied of the

correctness of my theory, were calculated to

make it appear, that the chrystalline humour

contributes very little to the production of vi

sion, however, were all evidence and expert
ments apparently against me, I should still think

I was correct, for 1 cannot be mistaken in my

principle, grounded as it is upon the closest

analogy betwixt theCameraObscura and the eye .

Seeking information, however, from every

source, whence it was likely to be obtained* I

recollected that a person of this City, of the

name of M. K. Schaw, had submitted one of his

eyes, which he had lost the sight of, in conse

quence of having received a kick upon the

temple from a horse, to my inspection, inform

ing me at the same time, that a Surgeon had

given it as his opinion that he had lost the sight
of it in consequence of the chrystalline humour

having been thrown out of its capsule by the
shock, I made inquiries respecting him, in ordTr
to* have a full explanation of his case from him

self; he informed me, that, for some time after
he received the kick, he could not see in the

least, with the eye, but that afterwards%e gra

dually recovered the sight of it, but all objelfts
appeared inverted, and hazy and indistinct, but
that he now sees them upright, and as distinct

as ever he did.

The above case tends very much to"fonfirtA

my theory, and, I am of opinion, may lead tq^
some light being thrown upon Surgery,
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According to this Theory, if the clu y:-.t«ii'iYn<-:".

humour is lost out of the eye, the very sum. ef

fects ensue, that Mr. Schaw explains he was

sensible of, when he first found his sioht wa.i

returning, which is, that objects- will appear

hazy and indistinct, and. at the same time, in

verted ; this is occasioned by the rays, (as the

chrystalline humour is not in its place to ob

struct them, and receive the inverted image of

the objects) after they have crossed at the ra-

diua of the cojarvexity of the cornea, proceeding
on to the retina, upon which they deliver the

image of the object inverted and indistinct; this

indistinctness is in consequence of the rays hav

ing proceeded so far beyond the focus of the

convexity of the cornea (where alone the distinct

image is delivered) before they met any object

capable of receiving the image. ; .

In illustration, let A (fig. 21.) be the radius

of the convexity of the cornea ; B the raya pro*

ceeding on uninterruptedly to the retina, whert

they deliver »n indistinct and inverted image
as E ; it is evident, that the image will be

much larger tfian it is in a perfect eye; to be

coiavincec} of which, it is only necessary to com

pare thif figure ftrith that ef the peifect eye

(fig.fO)/* . : ], ,

.

The, eifcum^tance, above mentfqjied, of Mr.

Schaw'a recovery of perfect vision threw me

hacjj. upon my principle, but with urutb.>t"d con

fidence, to inquire into the cause which could

Iravc produced it : during ray reflations, "hick
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did not occupy h\ c minutes, I coupled the case

mentioned by Mr. Uhind with it, when 1 becarad

convinced that, in Air. Bland's case the chrya-
taliine hutnour had, and in Mr. Schavv's has,

been regeneuaied.
Now, in oider to render this idea probable, if

is only necessaiy to observe, that it is well known

to the profession that, when the cornea has, by

accident, or otherwise, lost part of the aqueeus

humour which distends it, it is regenerated in

the (short space of 24 hours; if, therefore, *>ne

humour is regenerated, is it not probable that

another may be. particularly when we reflect

upon the evidence above adduced leading so

htrongly to that conclusion?*

* My communications with Professional Gentlemen have

brought a remarkable corroborative circumstance to my

knowlsfl^e; this is, that all those who undergo the opera
tion for cataract, ucover upright vision immediately, upon
the. diseased lens being extracted, although not distinct;
whetheV it can be considered in favour of this theory that

we can readily trace from effects to causes, I shall not de-

ride, but it seems very easy to account for this phenomenon,
which has been hitherto completely enveloped in impene«
trable mystery ; it has been shewn, that if there was no lens,
after the diseased one has been extracted, to receive the

inverted image of the object, the rays would proceed on

from the radius of the convexity of the cornea to the retina,
and there deliver the image inverted ; this being the case^

does not the circumstance of their bein^ seen Upright sug
gest, that a new lens had been partially regenerated behind

the diseased one? To remedy this imperfection of vision it

a necessary, at first, to use highly convex glasses, but pro

gressively, atterwardb, those of less convexity, until, as in,

some cases, as has been shewn, its complete restoration

feus W-f o effected ; these circuimAances have led me to hv
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After having gone thus far, I conceived it

would be unpardonable to allow *uch a strong

evidence against this theory, as the experiment

upon the bullock's eye, to remain uninvestigated,
whether the inverted image upon the paper was

really the effect of the Camera Obstura, or the

reflection of the inverted image upon the front

surface of the chrystalline humour : Therefore,

on the 30th May last, very early in the morning,
I obtained a fresh bullock's eye, and, having
cut off the coats from the back of it, just where

the optic nerve entered it, (where the region of

most perfect vision is situated) I presented the

front ef it to a lighted candle, when I saw the

image of the flame and top of the candle invert

ed, upon a piece of white paper I had placed

quire into the causes productive of the above phenome
non ; the causes seem to be, that the loss of the aqueous

humour, consequent to the operation, may not have been

recovered in the same quantity as before, so as to distend

the cornea 1b the necessary convexity, at the same time that

the new lens cannot have acquired its proper convexity, ow

ing to part of the necessary space having been previously oc

cupied by the diseased one ; may not, therefore, the progres
sive improvement in some, and complete restoration in

others, be reasonably attributed to the more or less perfedt
regeneration of those humouM ? In Mr. Schaw's case, might
not the entire loss of vision, at first, have been occasioned by
• paralizaiion of the optic nerve, and might not that have

produced ? paralization of the secreting vessels, and thereby

prevented the previous regeneration of the lens, (the want

of which occasioned the objects being seen Inveited,) and

might not its subsequent gradual reproduction have produced
the changes which took place until the objects were teen

upright ?
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over the orifice ; the report, therefore, of the

effect of the experiment, before made in this way,

proved to be correct; after thia, having taken

the paper off
the orifice on the back of the eye,

I looked into it, still holding the front opposite

the candle, and to my astonishment saw (for,

although I #rmly believed it was the case, yet I

did not expect it could have been seen) in the

inside of the eye, the
same inverted image of the

candle and flame 1 before saw on the paper, but

more distinct.

There is, therefore, no doubt, that
the invert

ed image, seen on the paper on
the back of the

eye,
was nothing more than the reflection of the

inverted image of the object, produced upon
the

front side of the chrystalline humour, by the

Camera Obscura.

•"

"A

THE END.
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ERRATA.

Page 25, third line, for
"
less" read

**
more."

—— 26, second paragraph, first line, for

\ "point" read "part."
26, third paragraph, tenth line, dele the

word "that."

27, second paragraph, third line, for

"fig. 4" read "fig. 6."

29, first paragraph, second line, instead

of "by" read "with."

36, dele note.
_— 43, In note, eighth line, instead of

"
affected" read

"
effected."

59, fourth paragraph, first line, initswd
of "fig. UK* read "fig. 19."
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Explanation how the caloric, which prevails

near our Globe, maybe produced,
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